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Superconducting Sensor 
Advances RF Metrology 


For the first time a purely quan- 
tum mechanical phenomenon has 
been made the basis of a practical rf 
measurement. 

Scientists at the NBS Boulder, 
Colo., Laboratories have developed 
a new sensor that is a variant of the 
Superconducting Quantum Inter- 
ference Device (SQUID). With the 
SQUID they have’ measured 
changes in rf attenuation over a 40 
dB range (0.3 microwatts to 3 mil- 
liwatts) to within 0.004 dB of the 
NBS calibration service values.'” 
Though a 30-MHz signal was chosen 
for the initial test, the new device 
has responded satisfactorily to 
signals over a 0-1 GHz range. 

The SQUID’s' measurement 
capability arises from its basic 
periodic response to a varying mag- 
netic field. This periodicity in turn 
arises from the quantized nature of 
magnetic flux linking a ring of su- 
percurrent. The new sensor, in 
other words, utilizes the flux quan- 
tum as a fundamental unit of mea- 
surement. 

The goal of present development 
work is to use the SQUID to mea- 
sure rf power to one percent or 
better over the range quoted above. 

The basic SQUID has two parts, 
both superconducting: a loop open 
at one point and resembling the 
letter C; and a_ point-contact 
Josephson junction bridging the C 
gap. The bridge has come to be 
called a “weak link” because it is 
the only point at which the flux of an 
impressed magnetic field may enter 
or leave the loop. Any magnetic flux 
within a superconducting loop is 
quantized in units (quanta) of about 
2x10-' weber and can change 
only in multiples of this unit. The 
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quantum-mechanical description of 
the electron pairs comprising the 
SQUID supercurrent predicts a 
phase change in the electronic wave 
function as the electrons cross the 
point contact. This phase difference 
leads to a quantum interference ef- 
fect which results in the electrical 
impedance of the contact varying 
periodically with the impressed 
magnetic field, each period cor- 
responding to the passage of one 
flux quantum across the contact. 
This observable, periodic response 
makes the SQUID a sensor of mag- 
netic field; and the flux quantum it- 
self is the natural unit forming the 
basis for calibration of the SQUID. 
A terminated, babbitt-lined sec- 
tion of rectangular waveguide forms 
the C-shaped portion of the NBS 
SQUID. Two opposing niobium 
screws passing through the broad 
faces of the waveguide meet in the 
center of the gap to form the 
Josephson junction that closes the 
C. The interior height of the guide 
(in the E-field direction) is reduced 
to only 0.25 mm in order to present 
an impedance that accommodates 
the desired operating condition of 
the Josephson junction. The rf cur- 
rent to be detected is carried by a 
coaxial line that also passes through 
and at right angles to the broad 
sides of the guide. This configura- 
tion sets the rf and microwave fields 
perpendicular to the plane of the su- 
perconducting loop. The rf-induced 
impedance variations of the loop are 
then detected by the microwaves as 
corresponding variations in the ter- 
minated guide’s reflection coeffi- 
cient. A de magnetic flux also link- 
ing the SQUID is modulated at 1 
kHz; and this signal, appearing on 


Tiny microwave SQUID terminates a 10-cm 
section of tapered waveguide. The rf 
connector traverses the SQUID through 

its broad faces. 


the reflected microwave power, car- 
ries information about the rf power 
level. This new SQUID, developed 
by R. A. Kamper and M. B. Sim- 
monds of the Cryogenics Division, 
differs from previous devices of this 
type in its high readout frequency 
(microwaves at 9 GHz) which ena- 
bles it to make measurements 
throughout the radio frequency 
range. 

A linearly varying direct current 
through the coaxial input line 
produces a sinusoidal variation in 
the reflected and __ rectified 
microwave power (one “cycle” of 
reflected power per flux quantum 
through the Josephson junction). 
This basic response of the SQUID is 





converted to the form of a zero- 
order Bessel function when rf cur- 
rent is applied and its amplitude is 
varied. The zeros of this function 
are seen as a succession of null 
readings on a lock-in detector 
(operated with the 1-kHz modula- 
tion) as attenuation is introduced 
into the rf line. These nulls are the 
scale for calibrating an rf attenuator 
against the SQUID. Because the ar- 
gument of this Bessel function is 
directly proportional to the rf cur- 
rent, the square of the ratio of the 
arguments at any two zeros gives 
the power ratio and hence attenua- 
tion ratio corresponding to the 
power interval between the zeros. 
The results of a set of such ratio 
measurements are in agreement 
(via a piston attenuzior transfer 
standard) with the NBS calibration 
service to within 0.004 dB over a 
range of 40 dB. 


Inadequate airport facilities in- 
convenience and delay thousands of 
passengers and shippers every day; 
they also present various safety 
hazards, especially at peak hours. 

To provide better methods for 
treating this urgent problem, the 
Federal Aviation Administration 
sponsored a study by the Bureau. 
The main objective of this study 
was to devise techniques that could 
be used by airport planners and 
designers to analyze the capacity 
and performance of present airport 
configurations and to predict the 
performance of new configurations, 
equipment, and operating rules. 

Resulting from the Bureau’s 
study were a set of analytical ex- 
pressions and a computerized simu- 
lation model. The analytic formulas 
express runway capacity for simple 
airport configurations in terms of 
average landing and takeoff times, 
the mix of different kinds of air- 
craft, and other factors. For a wider 
variety of airport configurations, the 


Presently the new sensor is being 
tested as a power meter by measur- 
ing the rf current passing into a load 
of measured impedance. The most 
sensitive power-metering SQUID 
made to date had its first Bessel- 
function zero at —94 dBm: about 
one picowatt of rf power! The power 
and attenuation measurements 
were done in collaboration with C. 
A. Hoer and R. T. Adair of the Elec- 
tromagnetics Division. 

The SQUID has further potential: 
it can measure currents and mag- 
netic fields; rf phase measurement 
using two SQUID’s simultaneously 
has been suggested. The SQUID’s 
broadband character and demon- 
strated ability to regulate rf current 
provide a means to stabilize current 
as the radio frequency is swept. Ex- 
tending the power range calls for a 
more advanced technique than 
manually counting zeros. The es- 


computerized simulation model can 
be used to estimate throughput 
(number of takeoffs and landings in 
a given interval) and delay (the extra 
time needed to complete a takeoff 
or landing beyond that required 
when there is no other traffic). 

Using these tools, airport plan- 
ners can also evaluate new 
technological developments. For in- 
stance, would safely decreasing the 
separation time between planes by 
Y percent justify spending X dollars 
to develop a new radar system? 
Finding the answers to such 
questions could begin with the use 
of the formulas or simulation to 
measure the resultant increase in 
capacity, or by using the simulation 
to determine the decrease in 
average delay time. 

A joint effort of the NBS Techni- 
cal Analysis and Applied Mathe- 
matics Divisions, the study utilized 
in its single-runway analysis a 
recent and generalized mathemati- 
cal concept, that of a “semi-Mar- 


sentially digital readout (thanks to 
the flux quantum) makes this range 
extension feasible through a 
proposed device for up-down flux 
counting. Such a system is under 
consideration and looks promising. 

The SQUID, by utilizing the flux 
quantum as a natural measuring 
unit, serves as an application of a 
strictly quantum mechanical effect. 
Already it has measured rf attenua- 
tion with accuracy comparable with 
that of the NBS standard piston at- 
tenuator and recent tests indicate 
that it will measure rf power at 
lower levels than are attainable with 
a bolometer, at frequencies ranging 
from dc to above 1 GHz. 


'Kamper, R. A, Simmonds, M. B., Adair, R. T., and 
Hoer, C. A, Quantum mechanical measurement of rf 
attenuation, a paper presented at the 1972 Applied 
Superconductivity Conference, Annapolis, Md. (to ap- 
pear in IEEE Conference Record). 


2 Kamper, R. A, and Simmonds, M. B., Broadband 
superconducting quantum magnetometer, Appl. Phy. 
Lett. 20, No. 8, 270 (Apr. 15, 1972). 


Determining Runway Capacities and Delays 


kov” process in which the type of 
the “last” event (in this study an 
aircraft’s arrival or departure) 
determines in a probabilistic way 
not only the type of the next event, 
but also the length of time between 
the two. The semi-Markov concept 
can, in principle, also be applied to 
situations where runways intersect 
or otherwise interfere with each 
other, but the capacity formulas 
have not yet been developed to that 
extent. 


Meanwhile, the simulation can be 
used to determine processing rates 
and delays for more complex run- 
way situations. All reasonable run- 
way configurations are amenable to 
analysis by the simulation. As input 
data, the simulation requires arrival 
rates of aircraft together with their 
mix by type, the separation rules for 
runway use, and the runway con- 
figurations. Twenty-four-hour flight 
periods at Atlanta and JFK airports 
have been simulated successfully at 


NBS. 
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NONDESTRUCTIVE 
TEST OF 


CONDUCTOR 
ERIALS 


Donnie Ricks operating the photovoltaic 


apparatus. 


A nondestructive test method for 
measuring a critically important 
property of semiconductor materi- 
als used in solid-state devices such 
as silicon transistors and diodes has 
been developed at the Bureau. 

The technique permits measure- 
ment of resistivity variations in cir- 
cular slices of semiconducting 
materials without contact to the sur- 
face of the slices and may even- 
tually help American industry 
produce more reliable semiconduc- 
tor devices at lower cost. 

Resistivity variations in a 
semiconductor wafer can adversely 
affect the characteristics, yield, and 
reliability of devices fabricated 
from such a wafer. However, the 
currently accepted four-probe re- 
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sistivity measurement technique is 
slow and involves repeated, poten- 
tially damaging contact with the 
surface of the test piece. As an al- 
ternative, D. L. Blackburn, H. A. 
Schafft, and L. J. Swartzendruber 
have developed a_ photovoltaic 
method involving no surface contact 
with the test specimen.' This mea- 
surement method is an extension of 
earlier work on the photovoltaic ef- 
fect of Tauc? and Oroshnik and 
Many.* In this extension a small 
spot of light falling on the surface of 
a circular semiconductor wafer 
generates a potential difference that 
is measured through contacts at the 
edge of the specimen, and related to 
the resistivity gradient through 
newly derived equations. Both 


photovoltaic and photoconductive 
response are required. The feasi- 
bility and validity of the approach 
was demonstrated by the correla- 
tion of resistivity profiles of a 
variety of specimens as measured 
by the photovoltaic method and as 
determined by the traditional four 
and two-probe methods. 


APPARATUS USED FOR 
PHOTOVOLTAIC MEASUREMENTS 


To facilitate testing of the new 
technique, apparatus was built and 
assembled at NBS. The apparatus 
consists of a spot of light, about 0.1 
mm in diameter, focused upon the 
wafer surface. The light is chopped 
at a rate adjusted to permit a long 
enough on-time to establish a 





steady-state excess carrier distribu- 
tion. The apparatus uses a lock-in 
amplifier because the photovoltaic 
signals are usually 1 xV or less. An 
X—Y recorder continuously plots 
the photovoltage or photoconduc- 
tivity as a function of light spot posi- 
tion along the wafer diameter. 

The semiconductor holder has 
four sets of double knife-edge con- 
tact elements. When measuring 
photovoltage or photoconductivity, 
only the two sets of contact ele- 
ments at"the ends of the measure- 
ment diameter are in contact with 
the wafer; the other two are 
retracted. In measuring photovolt- 
age, only one knife-edge at each 
contact element is used. When 
photoconductivity is measured, 
both knife-edges at the contact ele- 
ment are used; one to carry current, 


the other to measure the small 
photoinduced change in potential 
across the specimen. This arrange- 
ment essentially eliminates the 
problems of trying to measure a 
small change in potential with a 
non-ohmic, current-carrying con- 
tact. 

The four sets of knife-edges also 
permit measurement of the average 
resistivity of the specimen by the 
van der Pauw technique. 


RESISTIVITY RANGE 


The magnitude of the photovolt- 
age is proportional to the resistivity 
gradient; generally the higher the 
material resistivity, the larger the 
photovoltage. For example, the 
magnitude of a 1 percent resistivity 
variation in 10 Q-cm material is 10 
times the magnitude of a 1 percent 


Semiconductor holder, part of the 
electrical circuit used to perform 
measurements of the photovoltage and the 
photoinduced change in semiconductor 
resistance. 


variation in 1 (-cm material. This 
relationship, with the apparatus and 
technique described, limits the 
measurement technique to material 
of resistivity greater than 1 (1)-cm. 

However, experiments indicate 
that the resistivity gradients of 
specimens with average resistivity 
less than 0.1 Q-cm may be mea- 
sured using the same measurement 
technique with the more intense 
light of a 25 mW HeNe laser in 
place of the tungsten filament light 
source. 


' Blackburn, D. L., Schafft, H. A., Swartzendruber, L. 
J., Nondestructive photovoltaic resistivity gradient 
measurements of circular semiconductor wafers. To be 
published in “The Journal of the Electrochemical 
Society,” December 1972. 


2 Tauc, J., Czech. Jour. Phys., 5, 178 (1955). 


3 Oroshnik, J., and Many, A., Solid-St. Electron. 1, 46 
(1960). 
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This a condensed version of an ad- 
dress by the Honorable Peter C. 
Peterson, United States Secretary of 
Commerce, before the National En- 
vironmental Information Symposi- 
um of the Environmental Protection 
Agency, Cincinnati Convention 
Center, Cincinnati, Ohio, September 
27, 1972. 


THE ENVIRONMENT AND THE ECONOMY: 


JOINT 
PROGRESS OR 


PAROCHIAL 
NEGATIVISM 


Finding a way to reverse the drift 
toward ecological disaster clearly is 
the most urgent among many urgent 
tasks on the national agenda. We 
cannot afford to temporize. Delay 
could make America the beautiful 
into America the wasteland. 

For too long our business econo- 
my has assumed only the burden of 
short-term labor and material costs 
while shifting the less obvious social 
and environmental costs to the 
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general public—or I should say fu- 
ture general publics. We must 
develop an effective means of fac- 
toring these long-range costs into 
our business decisions by making 
them part of the corporate and so- 
cial cost-structure. 

Let me sound a cautionary note, 
which has reference not to the goal 
nor to the urgency of the task. 
Rather, it has to do with how we for- 
mulate the problem we face and 


how we go about reaching the goal. 
For the way in which we answer the 
question “how we get there” will 
probably determine whether we get 
there. 


A NATION OF DR. NO’S 


Let’s look at energy policy as an 
example of the problems we face. 
One familiar proposal is that we 
solve our shortage problems by rely- 
ing on imports to make up the dif- 





ference. From an economic point of 
view overreliance on imports could 
be disastrous. 

Beyond this, the national security 
implications of permanent and sub- 
stantial reliance on fuel imports 
would be equally unpalatable. 

On the other hand, there are 
those who propose to solve our en- 
ergy shortages by encouraging 
greater domestic production 
through new tax incentives. But 
here there would be an outcry from 
others, who already feel grossly 
overburdened, if subsidies for in- 
creased production added to their 
tax bills. There is a national security 
consideration here too because it 
hastens the day when our finite 
energy supplies will be exhausted. 

There are others who insist that 
the answer lies in the development 
of nuclear power plants. But there, 
too, we run into objections from 
those who point to the environmen- 
tal threat of thermal pollution and 
radiation. 


There are those who propose that 
we solve our energy problem by 
reducing our consumption. While in 


the environmentalist’s construct 
this may represent an ideal solution, 
the pains of unemployment and the 
loss of creature comforts it would 
carry in its wake, could produce a 
backlash that could well sweep 
away all the gains we have made 
thus far in the battle to protect the 
environment. 

There is no easy solution to our 
energy problem nor is there an easy 
solution to our environmental 
problem. I’m afraid there is no way 
around the fact that energy costs 
are going to rise in the future re- 
gardless of the course we choose. 
These costs will take different 
forms and our goal, of course, will 
be to minimize them in the ag- 
gregate. But it is naive to assume 
that we can solve a problem of this 
magnitude by looking at a corner of 
it through a microscope. Every ac- 
tion has its attendant costs. The 


solutions will require a careful 
systems approach if we are to suc- 
cessfully combine the best at the 
lowest cost. 

We are, it seems, a nation of Dr. 
No’s who know for certain what we 
cannot do, who are transformed into 
Dr. “I don’t knows” when asked to 
supply clues as to what we can do. 

Energy decisions made primarily 
for environmental reasons, or for 
tax reasons, or for security reasons, 
or for transport reasons, and which 
affect business generally, all have 
an enormous impact on our ability 
to supply sufficient energy. The 
problem is that the immediate 
considerations in each of these re- 
lated fields always seem more im- 
portant than considerations that will 
not have an impact for another few 
years. History suggests that only 
when there is a brownout— or some 
other dramatic event—can the peo- 
ple who make energy their primary 
business get the attention of those 
who make tax policy or security pol- 
icy or environmental policy or trans- 
portation policy their primary busi- 
ness. 


LET GEORGE DO IT 


There is a kind of dream-world 
quality in the public’s perception of 
what it will take to clean up the en- 
vironment. 

The “let George do it” syndrome 
thrives in a dream world. It is the 
“let George do it” syndrome that 
permits simplistic unidimensional 
solutions to our environmental 
problems to collect the force of 
public opinion behind them. They 
offer simple and absolute solutions. 
Never mind that they won’t work. 

The present national debate on 
the environment is one that has 
produced an unfortunate polariza- 
tion. If you are for the environment, 
then you have to be against 
economic growth and, conversely, if 
you are for economic growth then 
you are automatically assumed to 
be against the environment. 


That kind of thinking must stop. 
A partnership must be formed, a 
kind of team spirit developed, that 
will allow an objective search for 
answers to begin in earnest. 

We had a Manhattan project dur- 
ing World War II which brought 
together the ablest men in the field 
of atomic energy and supported 
them with all the money they 
needed to develop an atom bomb. It 
was a monumental project. That 
kind of team was also created when 
the nation resolved after Sputnik 
that we would go to the moon. 

Now, we must organize a Manhat- 
tan project to head off the energy 
crisis and, at the same time, to 
prevent an ecological disaster. 

Our current energy research ac- 
tivities are inadequate to the chal- 
lenge we face. The theoretical op- 
portunities for breakthrough are 
endless. Clean energy sources may 
be found in coal gasification. The 
nuclear breeder reactor offers great 
promise. Fuel cell research 
represents another potential 
source: magnetohydrodynamics 
and geothermal and solar energy 
are still other potential sources with 
promise. Now we must bend our ef- 
forts to unlock that promise. 

If we can forge a national com- 
mitment and if, on that foundation, 
we can construct national environ- 
mental policies, national energy pol- 
icies, and national economic growth 
policies that are coherent and 
reconciled, one with the other, we 
may well be able to solve our energy 
problem. With such a commitment, 
we may well be able to clean up our 
environment without slowing 
economic growth. 


GROWTH AS THE CURE 

Cleaner production methods will 
be available, for example, only if the 
technology is available. The 
technology will be available only if 
investment is made in environmen- 
tal research and development. 
Further investment is required in 
the control equipment itself. 
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Increased investment requires in- 
creased saving. The level of saving 
can be increased only at the ex- 
pense of consumption. Thus, the 
magnitude of the costs we must 
incur for environmental improve- 
ment dictates that consumption 
must decline if the economy is not 
growing. 

Only a growing economy can pro- 
vide the investment funds necessa- 
ry to carry out research and 
development for the environmental 
technology that will be needed to do 
the cleanup job. 

Only a growing economy can pro- 
vide the investment funds for pollu- 
tion control equipment. Only a 
growing economy can provide these 
investment funds without a sacri- 
fice in consumption. 

In short, only if the economic pie 
gets bigger will the slice that is 
needed to improve the environment 
be sufficient. 

And only if the pie is big enough 
will the nation be able to reach all 
its other goals. 

The choice, then, is not between 
growth and improving the environ- 
ment, but rather between the 
economic strategy that will enable 
us to meet the costs of an improved 
environment and one that won’t. 


FOCUSING ON THE FUTURE 


We must do a far better job of 


forecasting the future costs of 
today’s decisions. We must find a 
way to require those who make 
today’s decisions to assume the 
responsibility for | tomorrow’s 
costs— rather than burdening those 
who come after us with problems 
that by then are almost unmanagea- 
ble. 

Of all our institutions, Govern- 
ment is one that has special difficul- 
ty in focusing on the future for it is 
bound by elections to a very regular, 
short-term timetable. In order to 
survive, any Government has to 
think a great deal about the next 
election. And that leaves precious 
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little time for thinking about the 
next generation. It is a system that 
seems almost to have been designed 
to prevent a future orientation. In 
the main, our approach to the future 
has been to assume it will take care 
of itself. 

Managing the future is of course a 
challenge every modern institution 
faces. 

When we make environmental 
policy decisions, we ought to make 
them with a good estimate in hand 
of what the impact on the economy 
is likely to be—not in order to give 
ammunition to the temporizers but 
in order to distribute the costs 
equitably. 

And the costs will be high. The 
council on environmental quality in 
its most recent annual report esti- 
mated that it would cost $287 billion 
during this decade to do the en- 
vironmental cleanup job that is 
necessary. Of that total, $93 billion 
would go for required new capital 
equipment and the remaining $194 
billion for operating costs. 


POLLUTION — PRODUCTIVITY TRADE- 
OFF 


Part of our “systems” considera- 
tion is that investments of that mag- 
nitude in pollution control will have 
an impact on U.S. productivity. 
Some economists have estimated 
that the expenditure of such sums 
will have a negative impact on 
productivity gains of around 0.3 per- 
cent a year over the next 4 years. 

While reduced productivity will 
have immediate impact on the 
supply of domestic goods and ser- 
vices, it will—through its impact on 
our international competitive posi- 
tion— have a negative impact on our 
standard of living and jobs. 

In the world economy, we are no 
longer the easy leader in a slow 
field. 

U.S. exports of manufactured 
goods in the decade from 1960 to 
1970 showed less growth than that 
of any of the other major industrial- 


ized nations except the United 
Kingdom. 

By its very nature, a systems ap- 
proach would crank the costs of 
reduced national productivity into 
the calculations that produce a na- 
tional environmental program, 
much in the way an aeronautical en- 
gineer cranks in estimates of wind 
friction in shaping the wings and the 
fuselage of an airplane. 


PUTTING THE GROWTH CONCEPT 
TO WORK 


We have much to do and little 
time to do it in. And lest you have 
misunderstood, I want to make it 
clear that I am not arguing for a go- 
slow approach; I am arguing for an 
intelligent approach to the environ- 
mental problem— one that takes the 
complexities into account. The 
economic costs of cleaning the en- 
vironment must not be used as an 
excuse for doing nothing, hut 
neither can these costs be ignored. 
When a policy becomes necessary 
for the overwhelming public good, 
the inequities it may produce must 
be dealt with, but they should not be 
a reason for deferring that policy. 
They cannot be successfully dealt 
with unless they have been an- 
ticipated, unless their real costs 
have been fully gauged. 

I believe we can have clean air 
and water as well as full employ- 
ment, adequate energy supplies, a 
healthy trade balance, and an 
equitable tax structure if we can 
close the knowledge gap through 
research and development. The 
possibilities are there if only we can 
unlock them, if only we can develop 
the right combination of men, 
money, and organizational 
frameworks to do the job. 

We must unlock them. We really 
have no other alternative. We must 
get on with the job of forging a na- 
tional commitment, a national part- 
nership, to save our environment, 
while at the same time building a 
better and richer life for our people. 
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i Das VWecNeshy Vanaver of the 


Veasures for Air Quality Program 


Although the Bureau’s Measures for 
Air Quality (MAQ) program was 
started in 1970, and several specific 
program accomplishments have 
been reported in the Technical News 
Bulletin, an overview of the program 
has never been presented. This inter- 
view with Dr. James McNesby, who 
has managed MAQ since its incep- 
tion, provides such an overview. 

Dr. McNesby has been at NBS 
since 1957, and was Chief of the 
Physical Chemistry Division before 
joining the MAQ program. He 
recently received the Commerce De- 
partment Gold Medal for scientific 
expertise in research on the physical 
chemistry of materials and out- 
standing managerial direction of 
Measures for Air Quality Program. 





NIBS 
MEASUREMENT 
SIEMIINAIRS 





UNITED STATES DEPARTMENT OF COMMERCE / National Bureau of. Standards 


Seminars and workshops on the topics listed below 
have been announced for the 1973 series of NBS 
Measurement Seminars. These are scheduled to be 
given at the NBS laboratories in Gaithersburg, Md. 
The announced topics and dates are as follows: 


Calibration and Use of 


Piston Gages............. . As demand requires 


Precision Thermometry 


BOPINOTG, <ock< sci pcneennscs-- March 12-16, 1973 


Low Frequency Electrical 


Measurements ............. April—May 3, 1973 


The seminars and workshops are one of several 
NBS activities that provide advice and assistance on 
measurement and calibration problems to the grow- 
ing number of laboratories in tracing to NBS stand- 
ards the accuracies of measurement needed for 
research work, factory production, or field evaluation. 
Participation is open to a limited number of persons 
from measurement and standards laboratories who 
meet appropriate prerequisites relating to education, 
work experience, and current professional activity. 

Each seminar lasts from two to four days and its 
meetings are devoted to lectures, group discussions, 
and laboratory demonstrations. A course may be can- 
celled if registration is insufficient. However, in the 
past, requests for enroliment have nearly always ex- 
ceeded the numbers that could be accommodated. 
Laboratory directors who wish to have members of 
their staff attend any of these courses are therefore 
urged to send, as soon as possible, a letter of appli- 
cation to the individual named in the course descrip- 
tions below. Letters should include details of the 
candidate's qualifications in terms of the stated pre- 
requisites. The form at the end of this description may 
be used for this purpose. Applications should also be 
accompanied by a check, billing authorization, or pur- 
chase order for the stated fee. 

Acceptance of qualified applicants, on the basis of 
first come first served, other things being equal, will 
be made by letter not later than four weeks prior to 
the scheduled date of the course. Detailed informa- 
tion on schedules and housing will be available at that 
time. Those accepted will be expected to study the 



























































assigned reading material before coming to the 
course and should be prepared to discuss their own 
experiences with related problems. 


CALIBRATION AND USE OF 
PISTON GAGES 


Description: The 2-day seminar will present informa- 
tion on the theory of piston gages, elastic distortion, 
design and types, calibration of controlled clearance 
piston gages, calibration by cross-float, error analysis, 
computer programs, demonstration of cross-float, 
hydrostatic weighing and transducer calibration. 


Arrangements: Attendance will be limited to six 
per seminar. Fee: $85. Dates: As demand requires. 
Apply to: Dr. Peter L. Heydemann, Chief, Pressure 
and Vacuum Section, National Bureau of Standards, 
Washington, D.C. 20234 (Tel. 301-921-2121). 


PRECISION THERMOMETRY SEMINARS 


Description: Three seminars will be conducted: 
Platinum Resistance Thermometry; Liquid-in-Glass 
Thermometry; and Thermocouple Thermometry. The 
three seminars will be conducted sequentially and 
each will be of one and a half days duration. In general, 
the attendance at each seminar will be maintained 
small in order to establish a close rapport with the 
attendees during the lecture and laboratory sessions. 


March 12and13, Platinum Resist- Reg. $75 
1973. ance Thermom- 
etry. 
March 13and14, Liquid-in-Glass Reg. $40 
1973. Thermometry. 
March 15and16, Thermocouple Reg. $50 
1973. Thermometry. 


Applications to attend a thermometry seminar 
should be received no later than February 15, 1973, 
and correspondence should be directed to 

H. H. Plumb 

Temperature Section, Bidg. 221 
National Bureau of Standards 
Washington, D.C. 20234 
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LOW FREQUENCY ELECTRICAL 
MEASUREMENT SEMINAR 


Description: The 4-day seminar will present informa- 
tion on the accurate measurement of electrical 
quantities and the calibration of electrical standards. 
The program will consist of lectures and demonstra- 
tions in the Electricity Division Laboratories. The 
seminar will cover the measurement methods used by 
the Bureau to establish and maintain the basic 
electrical units and to calibrate customers’ standards 
of resistance, voltage, current, reactance, and power 
from direct current up through 30 kHz. Voltage and 
current-ratio measurements will be included. Em- 
phasis will be on measurement techniques which 
should be useful to workers in standards and cali- 


APPLICATION FOR REGISTRATION 
NBS MEASUREMENT SEMINARS 


Title and date of seminar: 


bration laboratories. Other topics such as detectors, 
data processing and computer automation will also 
be presented. 

Prerequisites: Candidates must have undergraduate 
coilege-level training in-physics or electrical engineer- 
ing and must be currently engaged in professional 
work in precise electrical measurements at a level 
involving the basic reference standards of a calibra- 
tion or standards laboratory. Preference will be given 
to those whose position involves the training of others 
in precise electrical measurements. 

Arrangements: Attendance wi!! be limited to 50 
persons and, for laboratory demonstrations, each 
group will be divided into subgroups. Fee: $200. 
Dates: April 30-May 3, 1973. Apply to: R. F. Dzibua, 
Electricity Division, National Bureau of Standards, 
Washington, D.C. 20234. 





Date of application: 





Applicant's name and address: 











Company or agency affiliation: 





Title of position in company or agency: 





College ievel training: 











Supervisory or laboratory experience related to measurement: 


Citizenship: 


Reprints of the material to be reviewed prior to the seminar will be mailed upon acceptance of this application. 
Make registration fee payable to: National Bureau of Standards. 
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Q. What led to the creation of the 
Measures for Air Quality (MAQ) 
Program back in 1970? 

A. There had been a group of peo- 
ple from various Bureau divisions 
who decided that we ought to be 
getting interested in the area of air 
pollution. We met once or twice and 
went to talk to the people of the 
New York Air Resources Board. 
Shortly after that Dr. Branscomb, 
the new Director, came on board 
and he has to be considered respon- 
sible for giving this program life. He 
had an issue study made of what 
capabilities at the Bureau might be 
applied to air pollution abatement. 

Q. That study led to formation of 
MAQ? 

A. Yes. The study showed that 
there was measurement expertise in 
many Bureau divisions— Physical 
Chemistry, Analytical Chemistry, 
Polymers, Optical Physics, to name 
just a few— that could be focused on 
problems of air pollution measure- 
ment. 

Q. And you brought these activi- 
ties together in one unit? 

A. No. Dr. Branscomb asked me 
to coordinate the program and the 
most fruitful approach seemed to be 
to leave the experts where they 
were organizationally. In this way 
they could maintain close ties with 
their colleagues, could work on 
other ongoing projects, yet could 
make significant contributions to 
the MAQ program. By the way, the 
MAQ Office consists of myself, a 
deputy, Dr. Rad Byerley at the out- 
set and now Dr. William Kirchhoff, 
and a secretary, Mrs. Barbara Wat- 
kins. 

Q. Your major function then is to 
coordinate the activity of those Bu- 
reau groups who can contribute to 
air pollution measurements? 

A. It’s not only to coordinate the 
activity but also to influence it by 
means of funds placed at my 
disposal by the Director. 

Q. So you not only suggest that 
Bureau experts get into certain 
areas of investigation but you ac- 
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tually provide some funding to sup- 
port their work. 

A. That’s right. In the initial 
phase of any project the funding is 
done by means of a seeding 
mechanism. We never funded 
completely the activities of a 
scientist but provided funding in- 
tended to stimulate the scientist to 
do the work. 

Q. Do you get any financial sup- 
port from other Government agen- 
cies? 

A. Yes. We are funded by the En- 
vironmental Protection Agency 
(EPA), and we established the ini- 
tial contact for program support 
from the National Institute for Oc- 
cupational Safety and Health 
(NIOSH), with Dr. Dillard’s help, 
and the Department of Transporta- 
tion (DOT). These agencies now 
fund projects in NBS that are 
strongly related to some MAQ pro- 
jects. For example, the stratospher- 
ic chemical kinetics program spon- 
sored by DOT in the Physical 
Chemistry Division seeks to form 
the basis for answering questions 
about the effects of the supersonic 
transport introducing pollutants 
into the ozonosphere. 

Q. In planning your program, 
identifying those targets of opportu- 
nity that you would like to hit, do 
you cooperate with EPA and these 
other agencies to find out really 
what the major problem areas are? 

A. Oh yes, we do it both infor- 
mally and formally. Informally by a 
continuing dialogue, for example, 
with people in EPA Headquarters in 
Washington, as well as in their 
North Carolina laboratories. For- 
mally, our MAQ Evaluation Panel 
always has at least one EPA 
representative participating in the 
panel deliberations. Likewise, with 
NIOSH and DOT there are continu- 
ing discussions and contact to as- 
sure that the work at NBS truly 
serves their needs. 

Q. We have published in the 
Technical News Bulletin over the 
last couple of months at least three 


major outputs of the program, the 
nitric oxide monitor (Sept. 1972 
TNB), the sulfur dioxide monitor 
(Oct. 1972 TNB), and the particu- 
late monitor (Dec. 1972 TNB). How 
have these developments impacted 
the outside world? 

A. | have to preface my answer by 
saying that it is probably premature 
to expect many of these develop- 
ments to be in extensive use at this 
time, because the program has only 
been in existence for a little over 2 
years and these developments are 
of even more recent vintage. But 
there are indications that we will be 
having an important effect very 
shortly, as several commercial 
manufacturers are quite interested 
in the SO. monitor and even now 
the SO, permeation tube is in use in 
the field monitoring stations. The 
particulate monitoring instrument 
and technique developed here has 
also attracted considerable atten- 
tion based on the excellent results 
obtained in our laboratory. 

Q. How is the SO. permeation 
tube used in air pollution measure- 
ments? 

A. It is used for instrument 
calibration by many groups; state, 
city, Federal regulatory agencies, 
companies in the business of air 
pollution measurement, as well as 
by industries whose emissions are 
being regulated. 

Q. Are you funding the develop- 
ment of any new Standard 
Reference Materials? 

A. The EPA has been funding the 
development of a Standard 
Reference Material for nitrogen 
dioxide. We are about to enter an 
agreement with EPA on a cost shar- 
ing basis, where this office will fund 
approximately half of the terminal 
phases of this project and EPA will 
fund the other half. There are other 
areas, especially with regard to au- 
tomotive and stack emissions stand- 
ard reference materials, where we 
will be funding on a relevantly 
minor basis the program which is 
largely funded by the EPA. We also 
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expect to move forward with our 
own funding in the development of 
an urban particulate matter SRM. 

Q. Are you at all concerned with 
how to use standard reference 
materials out in the field? 

A. In general our activities in this 
area are not well developed. For ex- 
ample the sulfur dioxide permeation 
tube is certified by the Bureau only 
as to the rate at which the sulfur 
dioxide is coming out of the tube at 
a particular temperature. What the 
people in the field would like is to 
have a black box containing this 
tube which provides an effluent air 
stream of certified SO, 
concentration. The dial on the SO. 
monitoring instrument would then 
be adjusted to read the correct 
value for SO. concentration. This 
would constitute the calibration of 
the instrument. 

Q. Are we progressing along 
those lines? 
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A. We have a program in conjunc- 
tion with EPA in quality control as- 
surance for their field measurement 
program. We have in fact recently 
completed a program in which we 
designed and supplied them such 
black boxes as I have just 
described. We are also doing 
similar things for the National In- 
stitute for Occupational Safety 
and Health. It should be 
emphasized we expect to provide 
the performance and design specifi- 
cations for such field devices but 
that the ultimate objective is to have 
field analysts use our methods 
rather than our hardware. 

Q. The SO: monitor has potential 
in monitoring stack gas and the NO 
monitor has automotive emission 
implications. Does the particulate 
monitor have field potential? 

A. At the moment it’s essentially 
a research instrument, too expen- 
sive and too complicated for field 


Dr. Claude Gravatt with the particulate 
detector. 


use. However, a much simpler 
device based on the same principle 
could be built for field use. As a 
research device, it will be invalua- 
ble for health effects studies, as no 
present instrument offers its com- 
bination of speed and resolution. 

Q. Besides its research implica- 
tions could it be used for calibrating 
simpler instrumentation? 

A. Yes. That’s the other applica- 
tion that seems to be very interest- 
ing. 

Q. What’s new on the horizon? 

A. Some pollutant molecules, 
such as formaldehyde, are so reac- 
tive they cannot be stored for long 
in any container we know of. This 
reactivity makes it impossible to 
offer as a standard reference 
material a volume of pure formal- 
dehyde gas diluted in pure air. To 
get around this problem Dr. Tsang 
of NBS has come up with a beautiful 
solution—a pyrolytic reaction. 
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Q. How does that work? 

A. Dr. Tsang has selected a rela- 
tively stable molecule, oxetane, 
which, when heated, breaks down 
into exactly one molecule of formal- 
dehyde and one molecule of 
ethylene. In use, the oxetane 
molecule would be passed through a 
heated tube, and the amount of 
ethylene (a gas easy to measure) 
would be monitored. Knowing the 
amount of ethylene is equivalent to 
knowing the amount of formal- 
dehyde, which is the information 
necessary to calibrate an instru- 
ment. This basic principle can be 
used to produce a number of other 
“reactive” pollutants. 

Q. Are you involved at all in water 
pollution measurements? 

A. We are just beginning new ef- 
forts in the area of water pollution. 
There is an EPA grant at the Bu- 
reau’s Institute for Materials 
Research in the area of metal-or- 
ganic compounds. The activity will 
undoubtedly be expanded in the 
near future. 

Q. This is work in which we are 
determining a metal’s cycle in the 
biosphere? 

A. Right. At present mercury is 
the metal under study (Dec. 1972 


Dr. Hideo Okabe, codeveloper of the SO» 
monitor. 
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TNB). We expect this activity will 
be augmented by NBS funds in the 
near future. We also expect to have 
some activity in water pollution 
trace analysis in the Analytical 
Chemistry Division. In addition, 
there is an effort dealing with the 
problem of oil contamination of the 
ocean involving two IMR divisions 
in a joint program with the Maritime 
Administration. 

Q. We haven’t talked philosophy 
as yet. I guess in order to control 
pollution one must be able to mea- 
sure it and that’s where NBS really 
comes in. 

A. One of the things we had to be 
careful of is that we do not duplicate 
the efforts of the regulatory agen- 
cies. When we looked for the 
uniqueness of the NBS effort we 
recognized that it was in the area of 
measurement. So our efforts are in 
two basic directions; the develop- 
ment of new measurement methods 
that are rapid, interference free, 
and preferably physical, and the 
development of Standard Reference 
Materials to serve as the basic 
reference points for pollution-mea- 
suring instrumentation. 

I view our role as supportive to 


EPA, NIOSH, and DOT but in addi- 
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tion, we have a statuatory responsi- 
bility to advance measurement 
science in areas of national need. 
Therefore our role in air pollution 
measurement proceeds, irrespec- 
tive of the involvement of these 
agencies. Nevertheless, we strive to 
mesh our work with the views and 
goals of these regulatory agencies. 

Q. Traditionally the Bureau has 
never been given responsibility for 
enforcement. Is that true in the pol- 
lution program? 

A. That’s true and that’s a point 
that is often missed when talking 
about standards. Standards in the 
regulatory sense involves 
thresholds above which the law 
states the pollution must not rise. 
Standards in the NBS sense, on the 
other hand, provide the means by 
which accuracy in measuring air 
pollution is assured. 

Q. Enforcement would then be up 
to the Federal, state, or local 
authorities? 

A. Yes, and the effectiveness of 
the enforcement will depend very 
strongly on the integrity of the stan- 
dard reference materials and the 
methods that support the measure- 
ments used in the enforcement ac- 
tions. 
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Fine optical adjustments are made by Gabriel Luther during measurements of the optical 


frequency of a helium-neon laser. 


EXPERIMENTAL MEASUREMENT OF 


OPTICAL 


FREQUENCY 


For the first time the frequency of 
an electromagnetic wave emitted in 
the visible region of the spectrum 
has been measured experimentally 
in the laboratory. These results, 
recently reported' by Z. Bay, G. G. 
Luther, and J. A. White of the Opti- 
cal Physics Division, have demon- 
strated the experimental feasibility 
of making optical frequency mea- 
surements in the visible spectrum 
beyond the accuracy limitations of 
the Kr wavelength standard. 

The frequency measured was 
that of the 633 nm red line of a heli- 
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um-neon laser. The basic concept of 
the measurement technique is sim- 
ple, though the laberatory realiza- 
tion is not. The optical beam of the 
laser is modulated at a microwave 
frequency. The modulation 
generates two sideband frequencies 
whose ratio can be set equal to two 
known order numbers in a Fabry- 
Perot interferometer cavity. 
Through the use of these order 
numbers and the known microwave 
frequency, the optical frequency is 
determined making reference only 
to the unit of time. Such measure- 


ments relate the optical to the 
microwave frequency in one step 
and are applicable to any laser line. 
Their simplicity allows them to be 
useful tools for future spectroscopy 
and for measurements of length in 
terms of microwave frequencies 
and the speed of light.2 Because the 
frequency and wavelength are mea- 
sured independently, they can be 
combined to yield a new measure- 
ment of the speed of light. The 
result is c=299,792.462+ 0.018 
km/sec; the probable error is about 

Continued on page 17 
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It often happens in science that totally unrelated areas of research 
provide information on the same phenomenon. Such is the case in the two 
articles presented here. Dr. Bay and coworkers at the Gaithersburg labora- 
tories published in July their measurements of the frequency of the 633 nm 
red line of a He-Ne laser, the by-product of which was the speed of light 
with improved accuracy —299 ,792.462 + 0.018 km/sec. 

In October two groups at Boulder published results that, combined, 
provide the speed of light with even greater accuracy—299,792.4562 + 
0.001 km/sec. One Boulder group had measured the wavelength of a 
stabilized He-Ne laser operating at 3.39 um, while the second group 
measured the frequency of the same line. Combining the results gave the 
speed of light (c= wavelength x frequency). 


NEW VALUE FOR 


SPEED 
OF LIGHT 


The speed of light has been deter- 
mined more accurately than ever 
before by scientists at the Bureau’s 
Boulder Laboratories. 

Light travels at a velocity of 
299 792.4562 kilometers per second, 
+1.1 meter per second, they found. 
This translates to 186,282.3960 
miles per second +3.6 feet per 
second. The new value is 100 times 
more accurate than the value ac- 
cepted for the past 15 years, which 
was 299,792.5 kilometers per second. 

The experimental scheme for 
measuring c has two parts: one is 
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the frequency measurement of the 
3.39-micrometer emission of a heli- 
um-neon laser stabilized by satu- 
rated absorption in methane, and 
the other is a wavelength measure- 
ment of the same laser in terms of 
the krypton wavelength standard. 
Multiplying the frequency by the 
wavelength gives the speed of light.’ 


STABILIZED LASER 


Lasers provide very pure light by 
ordinary standards, but the light 
tends to shift in frequency or 
wavelength. Only by accident will 


two lasers emit exactly the same 
frequency under nonstabilized con- 
ditions. The NBS research achieved 
a method of stabilizing the laser by 
passing its beam through a gas and 
locking its frequency to a certain 
narrow absorption line in the gas. 
Any other similar laser, using the 
same kind of absorption gas, will 
then operate at the same frequency. 
This sort of reproducibility is essen- 
tial to the effort of improving mea- 
surement standards in general, and 
was crucial to this experiment in 
particular. 





FREQUENCY MEASUREMENT 


An essential part of this experi- 
ment is to detect extremely high 
_ laser frequencies. This is accom- 
plished by using the world’s highest 
speed detector, developed by NBS 
and the Massachusetts Institute of 
Technology. The detector is a 
catwhisker diode related to those 
used years ago in crystal radios. 

In late 1971 a group headed by 
NBS scientist Dr. Kenneth M. 
Evenson scored a_ breakthrough, 
making the highest frequency mea- 
surement ever through the use of a 
laser. Now he, Drs. Joseph S. Wells, 
F. Russell Petersen, Bruce L. 
Danielson, and Gordon W. Day have 
measured the frequency of the 
same laser stabilized with a 
methane absorption. 

Measuring the frequency is done 
in steps, comparing the standard 
cesium frequency (9.19 GHz) to a 
low-frequency infrared hydrogen- 
cyanide laser, then comparing har- 
monics of that laser to a water-vapor 
laser of higher frequency, and 
haromonics of that laser to a still 
higher-frequency carbon-dioxide 
laser. The difference between two 
different carbon dioxide laser lines 
is measured, and the second one is 
compared to the helium-neon laser, 
which is locked to the methane-ab- 
sorption line (88.38 THz). 

Comparing two laser frequencies 
is done by mixing the radiation from 
each on a catwhisker diode and add- 
ing known frequencies from klys- 
tron oscillators. The diode produces 
harmonics of the lower frequencies 
which nearly match the higher (un- 
known) frequency. A heterodyne ef- 
fect produces low frequency sum- 
and-difference beat notes, easily 
measured by frequency counters. 
Thus, the unknown higher frequen- 
cy is measured in terms of known 
lower frequencies, and the chain of 
measurements is extended to visi- 
ble frequencies or beyond. 

Higher accuracy in this measure- 
ment can also be achieved through 
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tighter locking of the lasers, and dif- 
ferent beat-note measurement 
techniques. The experiment was 
done fairly rapidly, and since the 
frequency measurement accuracy 
already exceeded that of the 
wavelength measurements, further 
frequency refinements were post- 
poned. 


WAVELENGTH MEASUREMENT 


The wavelength of a similarly sta- 
bilized laser was measured by Drs. 
John L. Hall and Richard L. Barger, 
working at the Joint Institute for 
Laboratory Astrophysics (run by 
NBS and the University of 
Colorado). 

The wavelength measurement 
consists of an interferometric com- 
parison of the stabilized helium- 
neon laser and the krypton standard 
lamp. The lamp provides a spectral 
line whose width is much greater 
than that of the laser emission and 
whose shape is asymmetric. These 
factors limit the accuracy of 
wavelength measurement to about 3 
parts per billion, roughly five times 
more uncertain than the frequency 
measurement, and hence, the 
overall uncertainty in c is about the 
same as that of the wavelength mea- 
surement. 


NEW STANDARD? 


The equation “wavelength x 
frequency = c” puts’ equal 
emphasis on the measurement ac- 
curacy of both components. As the 
frequency measurement is about 10 
times more accurate than the 
wavelength measurement, it seems 
desirable to improve the length 
standard, either by replacing it with 
a stabilized laser or defining the 
value of c. The first will permit still 
more accurate determinations of c. 
The second alternative, defining c, 
would enable an experimentalist to 
use a frequency standard to accu- 
rately establish the length of the 
meter. This combined frequency- 
length standard would suffice for 
both kinds of measurement. Thus, it 


would be possible to eliminate the 
need for a separate length standard. 


IMPORTANT SPIN-OFF 


The constant c appears in many 
physical equations describing the 
behavior of the universe. In addi- 
tion, long distance measurements 
with lasers and radar measure- 
ments of interplanetary distances 
require precise knowledge of time 
of flight of the light or radar pulse; 
the distance is calculated by mul- 
tiplying this time by the value of c. 
The new value of the speed of light 
will enable engineers and space 
scientists to more accurately track 
satellite and space vehicles. 

Spin-off benefits of the accurate 
frequency and wavelength mea- 
surements made in this research 
open up possibilities for a whole 
new frequency range for telecom- 
munications, an increase of 1,000- 
fold overall the frequency bands 
presently utilized. Manufacturers 
can achieve finer accuracy in in- 
strument manufacture and other 
precision equipment. Environmen- 
tal scientists will find that improved 
frequency control of precisely tuned 
lasers will permit new progress in 
the study of minute quantities of 
pollutants. 


HISTORICAL BACKGROUND 


Scientists have been trying to im- 


prove the measurement of the 
speed of light for centuries. As early 
as 1638 Galileo thought of a way to 
measure c by stationing two men 
with lanterns on hilltops at night. 
One would open his lantern and as 
soon as the other saw it, he would 
open his. The first man would then 
measure the time between opening 
his own lantern and the sighting of 
the second beam. Of course, this 
“‘measurement” failed because of 
the extraordinary speed of light. 
The travel time of the two beams for 
distances of a few miles is so much 
shorter than the reaction time of the 
men that no meaningful results 
were obtained. 
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The first real measurement of c 
was made in 1675 by a Dane named 
Ole Roemer, who was able to mea- 
sure the time it took light to cross 
the Earth’s orbit (about 1,000 
seconds). He did this by observing 
the moons of Jupiter when the Earth 
was Closest and farthest from them, 
and noticing that the times of their 
eclipses by Jupiter were late when 
Earth was farthest. Since he knew 
roughly the diameter of the Earth’s 
orbit, he could calculate that c was 
about 200,000 kilometers per 
second, almost 100,000 kilometers 
per second less than the presently 
accepted value. His error of 100,000 
kilometers per second arose from 
his primitive time-measuring 
devices and limited knowledge of 
the diameter of the Earth’s orbit. 

Progress in improving the mea- 
surement was slow for the next 75 
years until Hippolyte-Louis Fizeau 
built his toothed-wheel apparatus. 
In 1849, he chopped up a beam of 
light by passing it through the teeth 
of a spinning wheel. The resulting 
pulses of light were reflected from a 
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one-fifth that of the previous best 
measurements. The success of the 
experiment lends further weight to 
the proposal perviously advanced 
by Z. Bay that the definitions of the 
units of length and of time might be 
connected by a definition of the 
speed of light. 

' Bay, Z., Luther, G. G., and White, J. A, Measure- 


ment of an optical frequency and the speed of light, 
Phys. Rev. Letters 29, No. 3, 189 (July 1972). 


2 Measurement of light frequencies, Nat. Bur. Stand. 
(U.S.), Tech. News Bull. 53, No. 9, 206 (Sept. 1969). 


Dr. Zoltan Bay is shown with the apparatus 
for measuring the frequency of a helium- 
neon laser beam. 
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distant mirror and returned to the 
wheel, where instead of passing 
through a gap, they hit the next 
tooth which had rotated into place 
during the round-trip time of the 
pulse. By measuring the speed of 
the wheel and the distance to the 
mirror, Fizeau calculated the speed 
of the pulse: 313,000 kilometers per 
second. Leon Foucault, another 
Frenchman, improved the ap- 
paratus by substituting a rotating 
mirror for the wheel. This allowed 
an objective measurement of an 
angle of deflection (of the returning 
beam) instead of the subjective esti- 
mate of intensity used by Fizeau. 
Foucault’s experiment narrowed 
the error to about 2,000 kilometers 
per second, - giving a value of 
298,000 kilometers per second. 

The National Bureau of Stan- 
dards’ first measurement of c came 
along in 1906, when E. B. Rosa and 
N. E. Dorsey calculated it from the 
ratio of electromagnetic and elec- 
trostatic units of current. This 
reduced the error to about 11 
kilometers per second and provided 


a major confirmation of Clerk Max- 
well’s equations of electricity and 
magnetism. Other electrical 
methods of measurement have been 
devised over the years, and it has 
been established through these 
measurements that the speed of 
light and the speed of other elec- 
tromagnetic waves are the same. 
This knowledge confirms the con- 
clusion that light and other forms of 
electromagnetic energy are basi- 
cally similar, differing only in 
frequency. Cosmic rays, x-rays, ul- 
traviolet and infrared radiation, and 
radio waves are all electromagnetic 
waves, and all travel at the same 
speed: c. 

By the 1950’s the error in the 
value of c had been reduced to 
around 100 meters per second, 
when Froome in England measured 
the wavelength and frequency of 
microwaves using an interferometer 
technique. This experiment, the im- 
mediate ancestor of the present 
NBS effort, used much lower 


frequencies. 


! Evenson, et al., The speed of light, Phys. Rev. 
Letters (Nov. 6, 1972). 





The NSRDS was established to make 
critically evaluated data in the 
physical sciences available to 
science and technology on a na- 
tional basis. The NSRDS is ad- 
ministered and coordinated by the 
NBS Office of Standard Reference 
Data. 


PAPERS AVAILABLE IN THIRD ISSUE 
OF JOURNAL OF PHYSICAL AND 
CHEMICAL REFERENCE DATA 


Volume 1, No. 3, of the new quar- 
terly, Journal of Physical and 
Chemical Reference Data, has been 
published by the American Chemi- 
cal Society and the American In- 
stitute of Physics. The Journal 
contains the major output of the Na- 
tional Standard Reference Data 
System. Abstracts of the critical 
compilations and reviews included 
in the third issue are: 


MOLTEN SALTS: VOLUME 3, 
NITRATES, NITRITES, AND 
MIXTURES — ELECTRICAL 
CONDUCTANCE, DENSITY, 
VISCOSITY, AND SURFACE TENSION 
DATA 


G. J. Janz, U. Krebs, H. F. Siegenthaler, 
and R. P. T. Tomkins 


Nitrates and _ nitrites have 
received wide attention in molten- 
salt chemistry and technology from 
both practical and theoretical view- 
points. Mixtures of these salts have 
been especially popular, partially 
because the melting-point ranges 
allow studies at relatively low 
temperatures, minimizing problems 
of vaporization and corrosion. 

The four properties of the binary 
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mixtures (nitrites-nitrates, nitrites- 
nitrites, and nitrates-nitrates) for 
which recommendations are 
presented in this compilation are: 
specific electrical conductance, 
density, viscosity, and surface ten- 
sion. These four properties are also 
covered for the single components 
of each binary system, updating the 
recommendations for these salts as 
single-salt melts. The work em- 
braces the binary mixtures for 
which data were published up to 
December 31, 1970. Results are 
given for 71 binary mixtures. In ad- 
dition, the examination of the data 
of the nitrates and nitrites provided 
recommendations for three nitrates 
not previously developed and revi- 
sions for the recommendations 
given previously for six nitrates as 
single-salt melts in NSRDS-NBS 15, 
Molten Salts: Vol. 1, Electrical Con- 
ductance, Density, and Viscosity 
Data' (SD Catalog No. 
C13.48:15/Vol. 1, $3). A compound 


index is also given. 


HIGH-TEMPERATURE PROPERTIES 
AND DECOMPOSITION OF 
INORGANIC SALTS, PART 3. 
NITRATES AND NITRITES 


K. H. Stern 


The literature dealing with the 
high-temperature behavior of inor- 
ganic nitrates and nitrites has been 
critically reviewed. Values of (G)- 


H39,)/T of the reactants and 
products of the decomposition reac- 
tions were calculated and have been 
tabulated from 298 K up to as high a 
temperature as possible. Equilibri- 
um constants and partial pressures 


were tabulated. Auxiliary data on 
phase transitions and densities have 
also been included. Qualitative in- 
formation about the thermal decom- 
position of the salts is reviewed. 


HIGH-PRESSURE CALIBRATION, A 
CRITICAL REVIEW 


D. L. Decker, W. A. Bassett, L. Merrill, H. T. 
Hall, and J. D. Barnett 


A critical review of experimental 
techniques for measuring high pres- 
sures has been made. The broad 
coverage includes discussions relat- 
ing to (a) the establishment of a pri- 
mary pressure scale using the free- 
piston gage, (b) the selection and 
precise measurement of identifiable 
phase changes as fixed pressure 
points, and (c) the use of interpola- 
tion and extrapolation techniques 
such as resistance gages, equations 
of state, and optical changes. The 
emphasis is on static pressure mea- 
surements above 10 kbar, but shock 
measurements are also considered 
for completeness. The pressure 
values to be associated with the 
fixed points have been analyzed in 
detail. Temperature measurement 
in the high-pressure environment is 
also reviewed. The accuracy with 
which pressures can be measured 
has been carefully considered; the 
maximum accuracies now obtaina- 
ble are of the order of 0.02 percent 
at 8 kbar, 0.25 percent at 25 kbar, 2 
percent at 50 kbar, and 4 percent at 
100 kbar. 


REPRINTS 


Bound reprint copies of each of 
the papers appearing in the third 
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issue are available for purchase 
from the American Chemical 
Society, 1155 16th Street, NW., 
Washington, D.C. 20036. 

1. Reprint No. 10, Molten Salts: 
Volume 3, Nitrates, Nitrites, and 
Mixtures—Electrical Conductance, 
Density, Viscosity, and Surface Ten- 
sion Data by G. J. Janz, U. Krebs, 
H. F. Siegenthaler, and R. P. T. 
Tomkins, 126 pp., $8. 

2. Reprint No. 11, High-Tem- 
perature Properties and Decomposi- 
tion of Inorganic Salts, Part 3. 
Nitrates and Nitrites by K. H. Stern, 
26 pp., $3.50. 

3. Reprint No. 12, High-Pressure 
Calibration, A Critical Review by D. 
L. Decker, W. A. Bassett, L. Mer- 
rill, H. T. Hall, and J. D. Barnett, 64 
pp., $4.50. 


Single copies of the Journal of 


Physical and Chemical Reference 
Data are also available from the 
American Chemical Society for $20. 
Make all checks payable to the 
American Chemical Society. 


SUBSCRIPTION INFORMATION 


Subscriptions to the Journal of 
Physical and Chemical Reference 


Data are available as _ follows: 
member,* domestic** $20, foreign 
$23; nonmember, domestic** $60, 
foreign $63. 


BIBILOGRAPHY ON ATOMIC LINE 
SHAPES AND SHIFTS 


NBS Special Publication 366, 
Bibliography on Atomic Line 
Shapes and Shifts (1899 through 
March 1972) by J. R. Fuhr, W. L. 
Wiese, and L. J. Roszman' (SD 
Catalog No. C13.10:366, $1.75), is 
the first publication of the new NBS 
Data Center on Spectral Line 
Shapes and Shifts. This publication 
is the first general, annotated 
bibliography on atomic line shapes 
and shifts. It covers exhaustively 
the atomic spectral line broadening 
literature in about 1,400 separate 


references. 
*Member of ACS, AIP, or an affiliated society. 


**Domestic rates apply to United States and posses- 


sions, Canada, and Mexico. 
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The bibliography contains four 
major parts. In the first part, all 
general interest papers are 
cataloged according to the broaden- 
ing mechanisms (and, further, ac- 
cording to special topics under 
several of the mechanisms) and 
classified as a general theory, a 
general review, a table of profiles or 
parameters, a comment on existing 
work, a study of general experimen- 
tal measurement techniques, or an 
experimental effort of general im- 
portance. Also’ included are 
selected papers on important appli- 
cations of line broadening and on 
miscellaneous topics relating to 
atomic spectral line shapes and 
shifts. In part 2, all papers contain- 
ing numerical data are ordered as to 
element, ionization stage, broaden- 
ing mechanism (in the case of 
foreign gas broadening the perturb- 
ing species are listed), and it is in- 
dicated whether the data are experi- 
mentally or theoretically derived. 
While in the two preceding parts of 
the bibliography the references are 
listed for brevity by identification 
numbers only, in part 3. all 
references are listed completely by 
journal, authors, and title and are 
arranged chronologically and 
alphabetically within each year ac- 
cording to the principal author. A 
final section contains a list of all 
authors and their papers. 


SELECTED TABLES OF ATOMIC 
SPECTRA 


NSRDS-NBS 3, Section 6, 
Selected Tables of Atomic Spectra. 
A. Atomic Energy Levels—Second 
Edition. B. Multiplet Tables, H1, D, 
T by Charlotte E. Moore' (SD 
Catalog No. C13.48:3/Sec. 6, 40 
cents), is the latest publication in 
the NSRDS series. The present 
publication is the sixth section of a 
series being prepared in response to 
the persistent need for a current 
revision of two sets of tables con- 
taining data on atomic spectra as 
derived from analyses of optical 
spectra. The spectra of hydrogen 


and of the isotopes deuterium and 
tritium are included. The form of 
presentation is described in detail 
in the text to section 1. NSRDS- 
NBS 3, Section 5 is still in prepara- 
tion. It will cover Ni, Nu, and Nim. 


IUPAC NOMENCLATURE 
DOCUMENTS 

In June 1972, the International 
Union of Pure and Applied Chemis- 
try (IUPAC) issued three informa- 
tion bulletins on tentative nomecla- 
ture, symbols, units, and standards. 
Bulletin 23 covers “Symbols for 
Amino-Acid Derivatives and Pep- 
tides,” Bulletin 24 covers ““Recom- 
mended Names and Symbols for 
Light and Related Electromagnetic 
Radiation,” and Bulletin 25 covers 
“Recommendations for Nuclear 
Chemistry.” 

Copies of these bulletins can be 
obtained from, and comments 
should be sent to, the following: 

Bulletin 23, “Symbols for Amino- 
Acid Derivatives and Peptides”’ to: 

IUPAC-IUB Commission on 
Biochemical Nomencla- 
tures 

Dr. W. E. Cohn 

Biology Division 

Oak Ridge National Labora- 
tory 

P.O. Box Y 

Oak Ridge, 
U.S.A. 

Bulletin 24, ““Names and Symbols 
for Light and Related Electromag- 
netic Radiation” to: 

Dr. M. A. Paul 

Division of Chemistry and 
Chemical Technology 

National Research Council 

National Academy of Sciences 

2101 Constitution Avenue 

Washington, D.C. 20418 
U.S.A. 

Bulletin 25, “Recommendations 
for Nuclear Chemistry” to: 

Prof. R. E. Wainerdi 

Office of the Vice President 
for Academic Affairs 

Texas A&M University 

College Station, Tex. 77843 
U.S.A. 


Tenn. 37830 





Tentative recommendations for 
the presentation of NMR data for 
publication in chemical journals 


were formally adopted in Washing- 
ton, D.C., during the July 21-23, 


1971, IUPAC meeting. Copies may 
be obtained by writing the 
Secretariat, International Union of 
Pure and Applied Chemistry, Bank 
Court Chambers, 2-3 Pound Way, 


Cowley Centre, Oxford OX4 3YF, 
United Kingdom. 


' Available from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402, for the price indicated. 


PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Technical News Bulletin. Annual subscrip- 
tion: Domestic, $6.50; foreign, $8.25. 
Single copy price, 65 cents. Available on 
a l-, 2-, or 3-year subscription basis. SD 
Catalog No. C13.13. 
Journal of Research of the National Bureau 
of Standards 
Section A. Physics and Chemistry. Issued 
six times a year. Annual subscription: 
Domestic, $9.50; foreign, $11.75. Single 
copy price varies. SD Catalog No. 
C13.22/sec. A. 

Section B. Mathematical Sciences. Issued 


quarterly. Annual subscription: 


Prices Revised on Standard 
Reference Materials 


As of January 1, 1973, the 
prices of all NBS Standard 
Reference Materials SRM’s) 
were increased approximately 
$4.00. All SRM’s shipped after 
that date will be at the new 
prices. 

This price revision is in 
accordance with the _pre- 
viously announced policy for 
pricing NBS Standard Ref- 
erence Materials. The present 
method was designed to re- 
cover the overall costs of the 
Standard Reference Materials 
program for both production 
and operation. Under this 
method it was envisioned that 
the program would be reevalu- 
ated periodically to ensure 
that the SRM prices reflected 
the costs of the program. 

Over the past 3¥%2 years 
there has been no general in- 
crease in the prices of SRM’s 
despite the steadily increas- 
ing costs associated with the 
program. To cover these 
increased costs, it was there- 
fore necessary to reprice all 
Standard Reference Materials. 


$6.25. Single 
Catalog No. 


Domestic, $5; foreign. 
copy, $1.25. SD 
C13.22/sec.B. 

Section C. Engineering and Instrumenta- 
tion. Issued quarterly. Annual subscrip- 
tion: Domestic, $5; foreign, $6.25. Sin- 
gle copy, $1.25. SD Catalog No. 
C13.22/sec.C. 


NBS BIBLIOGRAPHIC SUBSCRIPTION 
SERVICES 


Cryogenic Data Center Current Awareness 
Service (Publications and Reports of In- 
terest in Cryogenics). A literature survey 
issued weekly. Annual _ subscription: 
Domestic, $20.00; foreign, $25.00. 

Liquefied Natural Gas. A literature survey is- 
sued quarterly. Annual 
$20.00. 

Superconducting Devices and Materials. A 
literature survey issued quarterly. Annual 
subscription: $20.00. Send subscription or- 
ders and remittances for the preceding 
bibliographic services to the U.S. Depart- 
ment of Commerce, National Technical 
Information Service, Springfield, Va. 
22151. 

Electromagnetic Metrology Current Aware- 
ness Service (Abstracts of Selected Articles 
on Measurement Techniques and Stan- 
dards of Electromagnetic Quantities from 
D-C to Millimeter-Wave Frequencies). Is- 
sued monthly. Annual subscription: 
$100.00 (Special rates for multi-subscrip- 
tions). Send subscription order and re- 
mittance to the Electromagnetic Metrology 
Information Center, Electromagnetics 
Division, National Bureau of Standards, 
Boulder, Colo. 80302. 


subscription: 


CURRENT ISSUES OF THE JOURNAL 
OF RESEARCH 


J. Res. Nat. Bur. Stand. (U.S.), 76A (Phys. 
and Chem.), No. 5 (Sept.—Oct. 1972), SD 
Catalog No. C13.22/sec.A:76/5. 

High accuracy spectrophotometry at 
the National Physical Laboratory, 
F. J. J. Clarke. 

An accurate spectrophotometer for 
measuring the transmittance of 
solid and liquid materials, R. 

Mavrodineanu. 


Absolute spectroradiometric meas- 
urements, G. A. W. Rutgers. 

Accurate measurements of and cor- 
rections for nonlinearities in radi- 
ometers, C. L. Saunders. 

Physical parameters in high-accu- 
racy spectrophotometry, K. D. 
Mielenz. 

Liquid absorbance standards, R. W. 
Burke, E. R. Deardorff, and O. Menis. 

Accurate measurement of molar 
absorptivities, R. W. Burnett. 

Problems associated with the need 
for standardization in clinical spec- 
trophotometric and fluorometric 
measurements, J. R. Penton, G. M. 
Widdowson, and G. Z. Williams. 

The role of spectrophotometric 
standards in the clinical chemistry 
laboratory, R. N. Rand. 

Spectrophotometric standards, W. H. 
Venable, Jr. 

An alternative to accurate pyrometry 
in distinguishing concurrent va- 
porization reactions. Postulated 
results using the vaporization of 
gold in analyzing the vaporization 
of beryllium oxide in water vapor, 
T. B. Douglas. 

The determination of iron, titanium, 
and nickel in Apollo 14 samples by 
cathode ray polarography, E. J. 
Maienthal. 

The Stark splitting of millimeter wave 
transitions of water, Y. Beers and 
G. P. Klein. 

. Res. Nat. Bur. Stand. (U.S.), 76A (Phys. 
and Chem.), No. 6 (Nov.—Dec. 1972), SD 
Catalog No. C13.22/sec.A:76/6. 

Absolute spectrofluorometry, W. H. 
Melhuish. 

Absolute quantum efficiencies, G. A. 
Crosby. 

Phosphorimetry, J. D. Winefordner. 

Measurements of absolute values in 
biochemical fluorescence spectros- 
copy, R. F. Chen. 

Newer fluorometric methods for the 
analysis of biologically important 
compounds, G. G. Guilbault. 

Inorganic ions in glasses and poly- 
crystalline pellets as fluorescence 
standard reference materials, R. 
Reisfeld. 


Development of a new fluorescent 


Technical News Bulletin 





reagent and its application to the 
automated assay of amino acids 
and peptides at the picomole level, 
S. Undenfriend. 

Considerations on organic com- 
pounds in solution and inorganic 
ions in glasses as fluorescent stand- 
ard reference materials, R. A. 
Velapoldi. 

lon-molecule reactions in isopro- 
panol: Implications for its radiol- 
ysis, R. Gordern, Jr., and L. W. Sieck. 

Excitation of O!A, by electron im- 
pact, P. S. Julienne and M. Krauss. 

Vibrational and electronic oscillator 
strengths of LiO, M. Marchetti, P. S. 
Julienne, and M. Krauss. 


OTHER NBS PUBLICATIONS 


Monogr. 25, Section 10. Standard x-ray 
diffraction powder patterns. Section 
10—Data for 84 substances, H. E. 
Swanson, H. F. McMurdie, M. C. Morris, 
E. H. Evans, B. Paretzkin, J. H. deGroot, 
and S. J. Carmel, Nat. Bur. Stand. (U.S.), 
Monogr. 25, Sec. 10, 161 pages (Nov. 1972) 
$2, SD Catalog No. C13.44:25/Sec. 10. 

Monogr. 128. Corrosion rates on under- 
ground steel test piles at Turcot 
Yard, Montreal, Canada—Part 1, 
W. J. Schwertfeger and M. Romanoff, Nat. 
Bur. Stand. (U.S.), Monogr. 128, 17 pages 
(July 1972) 30 cents, SD Catalog No. 
C13.44:128. 

Monogr. 129. The development of 
Loran-C navigation and timing, G. 
Hefley, Nat. Bur. Stand. (U.S.), Monogr. 
129, (Oct. 1972) $4.50, SD Catalog 
No. C13.44:129. 

SP260-42. Standard reference mate- 
rials: the characterization of linear 
polyethylene SRM 1475, H. L. Wagner 
and P. H. Verdier, Editors, Nat. Bur. 
Stand. (U.S.), Spec. Publ. 260-42, 39 
pages (Sept. 1972) 45 cents, SD Catalog 
No. €C13.10:260-—42. 


PUBLICATIONS IN OTHER 
JOURNALS 


This column lists all outside publica- 
tions by the NBS staff, as soon after 
issuance as practical. For completeness, 
earlier references not previously reported 
may be included from time to time. The 
five-digit number at the beginning of each 
entry is used for record keeping only and 
should not be used when requesting re- 
prints or other information. 


12842. Goldberg, R. N., Frank, H. S., Liquid 
junction potentials and single-ion ac- 
tivities by computer simulation. I. 
The concentration cell with trans- 
ference, J. Phys. Chem. 76, No. 12, 1758- 
1762 (1972). 
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12843. Currie, L. A., On the interpreta- 
tion of errors in counting experi- 
ments, Anal. Lett. 4, No. 12, 873-882 
(1971). 

12844. Carpenter, B. S., Boron and urani- 
um determination in simulated lunar 
glass by the nuclear track technique, 
(Proc. American Nuclear Society 16th An- 
nual Meeting, Los Angeles, Calif., June 28- 
July 2, 1970), Trans. Amer. Nucl. Soc. 13, 
No. 1, 79 (1970). 

12845. Kirstein, A. F., Discussion of the 
paper “Behavior of fiber glass rein- 
forced concrete beams,” E. G. Nawy, 
G. E. Neuwerth, and C. J. Phillips, eds., J. 
Struct. Div. Proc. Amer. Soc. Civil Eng. 
98, No. STS, 1206-1207 (May 1972). 

12846. Plummer, E. W., Bell, A. E., Field 
emission energy distributions of 
hydrogen and deuterium on the 
(100) and (110) planes of tungsten, /. 
Vac. Sci. Technol. 9, No. 2, 583-590 (Mar.- 
Apr. 1972). 

12847. Gadzuk, J. W., Tunneling from 
Cambridge surface states, J. Vac. Sci. 
Technol. 9, No. 2, 591-596 (Mar.-Apr. 
1972). 

12848. Marzetta, L. A., An evaluation of 
the three-voltmeter method for ac 
power measurement, (Proc. Conf. 
Digest on Precision Electromagnetic Mea- 
surements, Boulder, Colo., June 26, 1972), 
IEEE Trans. Instr. Meas., pp. 41-42 (June 
26, 1972). 

12849. Lehman, D. R., Quasielastic elec- 
tron scattering from *He and *H, 
Phys. Rev. C 3, No. 5, 1827-1840 (May 
1971). 

12850. Menke, J. L., A fast pulse-de in- 
tegrator, Nucl. Instrum. Methods 64, 61- 
68 (1968). 

12851. Shah, J. A., Danos, M., Study of the 
neutron-proton correlations in the 
shell model, Phys. Rev. 183, No. 4, 899- 
907 (July 20, 1969). 

12852. Casella, R. C., Time reversal sym- 
metry and its breaking in physics, 
Phys. Teacher 8, No. 3, 114-122 (Mar. 
1970). 

12853. Lightbody, J. W., Jr., Penner, S., 
Electroexcitation of the C” giant 
resonance, Phys. Rev. Lett. 24, No. 6, 
274-276 (Feb. 9, 1970). 

12854. Mohan, R., Danos, M., Biedenharn, L. 
C., Three-fluid hydrodynamical 
model and the proton distribution in 
206Pb, Phys. Rev. Lett. 23, No. 15, 868-870 
(Oct. 1969). 

12855. Wyckoff, J. M., Integrated cross 
sections for *“Bi(y.xnyp) reactions, 
Phys. Rev. 159, No. 4, 953-954 (July 20, 
1967). 

12856. Wyckoff, J. M., Photon energy 
emission from spallation products 
produced by 3-13 GeV electrons, 
Health Phys. 18, 693-704 (June 1970). 

12857. Praderie, F., Thomas, R. N., On esti- 


mates of the nonradiative energy 
input to the solar chromosphere 
from the H- emission, Astrophys. J. 
172, No. 2, 485-490 (Mar. 1, 1972). 

12858. O’Toole, W. E., III, Keplinger, M. S., 
An experimental program for auto- 
matic indexing at the National Bu- 
reau of Standards, Proc. American 
Society for Information Science, Philadel- 
phia, Pa., Oct. 11-15, 1970, 7, 301-308 
(American Society for Information 
Science, Washington, D.C., Oct. 1970). 

12859. Holt, H. K., Sellin, I. A., Time-de- 
pendent theory of Stark-quenching 
of 2S states in hydrogen and helium, 
Phys. Rev. A 6, No. 1, 508-512 (July 1972). 

12860. Wyckoff, H. O., Rossi, H. H., 
Dosimetric fundamentals and _ir- 
radiation limits. 1.1. radiation quan- 
tities and units, Chapter 1 in 
Engineering Compendium on Radiation 
Shielding 1, 1-5, (Springer-Verlag, New 
York, N.Y., 1968). 

12861. Wachtman, J. B., Jr., Capps, W., 
Mandel, J., Biaxial flexure tests of 
ceramic substrates, J. Mater. 7, No. 2, 
188-194 (1972). 

12862. Hanley, H. J. M., Klein, M., 
Application of the m-6-8 potential to 
simple gases, J. Phys. Chem. 76, No. 12, 
1743-1751 (1972). 

12863. Spencer, L. V., On the accuracy of 
transport calculations using mo- 
ments methods, Trans. Amer. Nucl. Soc. 
14, No. 1,339 (June 1971). 

12864. Leiss, J. E., Beam loading and 
transient behavior in traveling wave 
electron linear accelerators, Chapter 
in Linear Accelerators, P. M. Lapostolle 
and A. L. Septier, eds., pp. 147-172 (North- 
Holland Publ. Co., Amsterdam, The 
Netherlands, 1970). 

12865. Swartzendruber, L. J., Evans, B. J., 
Hyperfine fields at the antimony sites 
in the Heusler-type ni-MnSb alloys, 
(Proc. 17th AIP Conf. on Magnetism and 
Magnetic Materials, Chicago, Ill., Nov. 15- 
18, 1971), Chapter in Magnetism and Mag- 
netic Materials, C. D. Graham, Jr., and J. 
J. Rhyne, eds., No. 5, 539-543 (June 1972). 

12866. Swartzendruber, L. J., Bennett, L. H., 
Kinsman, K. R., Crystallographic and 
magnetic transformations of Fe 
precipitates in Cu, (Proc. 17th AIP 
Conf. on Magnetism and Magnetic Materi- 
als, Chicago, Ill., Nov. 15-18, 1971), 
Chapter in Magnetism and Magnetic 
Materials. C. D. Graham, Jr., and J. J. 
Rhyne, eds., No. 5, 408-412 (June 1972). 

12867. Sharp, K. G., Coyle, T. D., 
Perfluoro(alkylsilanes). Il. Trifluoro 
(trifluoromethyl)silane, Inorg. Chem. 
11, 1259-1264 (1972). 


12868. McMaster, W. H., Del Grande, N. K., 
Mallett, J. H., Hubbell, J. H., 
Compilation of x-ray cross sections, 
Sec. II, Rev. 1, University of California 
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Radiation Laboratory Report 50174, 353 
pages, Lawrence Livermore Laboratory, 
Livermore, Calif., (May 1969). 

12869. Dikkers, R. D., Yokel, F. Y., 
Strength of brick walls subject to 
axial compression and _ bending, 
(Proc. 2d International Brick Masonry 
Conf., Stoke-on-Trent, England, Apr. 12- 
15, 1970), Chapter in SIBMAC 
Proceedings, H. W. H. West and K. H. 
Speed, eds., No. 19, 125-132 (The British 
Ceramic Research Association, Stoke-on- 
Trent, England, 1971). 

12870. Rowen, J. W., Murphey, W. M., 
Smith, C. N., Assessment of material 
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